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ABSTRACT

Aims: This study aimed to compare the shaping ability of T-endo MIS and TruNatomy (TRN) file systems in J-shaped resin
root canals and to investigate the deformation of the files after two acrylic block preparation and two sterilization cycles.

Methods: Forty acrylic blocks were numbered, then four file groups (n=10) were established: T-endo MIS glider (15.04) +
T-endo MIS Finisher (25.04) (first and second usage) and TRN Glider (17.02) + TRN Prime (26.04) (first and second usage).
Preoperative and postoperative images after the root canal preparation of simulated acrylic blocks were taken for each sample,
and superimposed. The amount of resin removed from both the inner and outer walls of the canal to the level of 3, 5, and 7 mm
from the apical point was measured, and the amount of transportation was calculated. Additionally, the deformation of the files
was examined under a scanning electron microscope before and after usage and sterilization process.

Results: Tip deformation of TRN files increased with the number of uses (p=0.007). With the second use, the surface
deformation of the MIS files increased (p=0.015). There was no difference in cutting-edge deformation in either file type
according to the number of uses (p>0.05). There was no difference in transportation values between the MIS and TRN file
systems at any level (p>0.05). The file systems did not show a significant difference in the amount of transportation between
first and second use (p>0.05).

Conclusion: When TRN (26.04) and MIS (25.04) NiTi rotary files were used twice on acrylic blocks, the amount of deformation

did not differ. Both file types were similar in terms of transportation values.

Keywords: Acrylic block, canal transportation, file deformation, minimally invasive shaping

INTRODUCTION

Root canal instruments are commonly reused in clinical
conditions to achieve economic benefits. However,
the repeated usage of these instruments, coupled with
increased mechanical stresses encountered within the
root canals, as well as exposure to irrigation solutions,
sterilization, and disinfection procedures, can lead to file
deformation." An increase in the number of autoclave
sterilizations increases the surface roughness of the file
and thus increasing the likelihood of file separation.’
The increased working time of the instrument inside the
root canal due to multiple uses may increase the risk of
instrument fracture.” The precursors of the start of this
process are the tip, cutting edge, and surface deformations
that occur in the file.* The presence of a broken file in the
root canal can impede access to the apical portion of the
canal, posing challenges for effective treatment.’
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Minimally endodontics (MIE) aims to
preserve as much tooth structure as possible and apply
MIE principles to all root canal treatments. These
principles encompass various objectives, ranging from
the preparation of a smaller access cavity to the use of
instruments with smaller tapers and tip diameters, and
the utilization of instruments with different geometric
designs and metallurgical properties.”® Endodontic
instruments conforming to this concept are designed to
exhibit less taper, greater flexibility, and improved cyclic

fatigue resistance than conventional instruments.’

invasive

Earlier research indicated that conducting minimally
invasive root canal preparation with NiTi files having
a smaller taper might result in the preservation of root
dentin tissue to a greater extent than larger-tapered NiTi
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files."” Therefore, the introducing new rotary files to the
dental market, which adheres to the principles of MIE
and possesses the capability to shape root canals, has
increased interest in conservative preparation.'” One
of these files is TruNatomy (TRN; Dentsply Sirona,
Maillefer, Ballaigues, Switzerland), produced from a
thin NiTi wire with a diameter of 0.8 mm and a unique
off-centered square cross-sectional design. TRN is a
multiple file system consisting of an orifice modifier
(20.08), a glider (17.02), Small (20.04), Prime (26.04,)
and Medium (36.03) shaping files."" Studies conducted
on TRN have demonstrated its ability to preserve root
canal dentin and respect the natural anatomy of the canal
during instrumentation.’”” Another file introduced for
conservative shaping is T-endo MIS multiple file system
(Dentac, Istanbul, Tiirkiye), a rectangular-sectioned file
with a high martensitic crystal content, providing it with
the feature of memory control.”” This system consists of
four files and they are as follows: Orificer (25.09), Glider
(15.04), Shaper (20.05), and Finisher (25.04) files. The
taper of the main shaping file of both TRN and MIS
is 4%.""'"* Both file system movement kinematics are
rotation.'""”

During the shaping of curved root canals, it is necessary
to preserve the original canal curvature and to prevent
the tendency to flatten in the apical region, which may
disrupt the canal integrity in the inner part of the root
curvature."” Evaluation of the performance of endodontic
tiles is often associated with their ability to shape curved
root canals and preserve the original anatomy.'®"
However, our knowledge about the tendency to preserve
or disrupt this anatomy as a result of multiple uses of files
islimited. Contrary to a study stating that the repeated use
of files increases the transportation rate,” there is also a
study in which no significant difference in transportation
was observed between the first and sixth use of files."

To our knowledge, no study has yet compared the T-endo
MIS file system with TRN regarding deformation and
transportation. Therefore, this study aimed to examine
the deformation, before use in J-shaped resin canals,
after first and second usage, and post-sterilization, of
T-endo MIS and TRN, which are newly developed heat-
treated NiTi rotary file systems. Moreover, evaluation
of transportation occurring at 3, 5, and 7 mm in acrylic
blocks after the first and second usage was intended. The
null hypotheses of this study can be listed as follows:

HO:1: There is no difference within and between the file
systems in terms of the amount of transportation that
occurs in the acrylic blocks after the first and second use.

HO2: There is no difference within and between the file
systems in terms of the deformation that occurs in the
files after the first and second use.

METHODS

A selection of 40 J-shaped resin canals (Dentsply
Maillefer, OK, USA) with a taper of 2% and a single-
direction curvature of 40 degrees, measuring 17 mm in
length, was chosen. Theresin blockimages were captured
using a Canon EOS 60D digital camera equipped with
a Sigma 105 mm 1:2.8 DG macro-lens (Sigma Corp.,
Fukushima, Japan) under standardized conditions
before canal preparation. The images were saved as
JPEG files for further analysis and documentation.
Then, all blocks were concealed with black adhesive
tape, masking the root canals, and randomly divided
into four groups. The working length was determined
using a #10K type file. A single endodontist performed
all procedures. Irrigation was conducted using a 30-G
IrriFlex needle (Produits Dentaires SA, Switzerland)
with 20 mL of distilled water. The same endo motor
(VDW Gold, VDW, Munich, Germany) was used for
all instruments.

Group 1 (n=10): For the resin canal preparation, the
TRN Glider (17.02) and Prime (26.04) files were used
for the first time at 500 rpm and 1.5 Newton-centimeter
(N-cm) torque. Then the files were then sterilized for
the first time.

Group 2 (n=10): For the resin canal preparation,
the TRN Glider (17.02) and Prime (26.04) files were
employed for the second time at the same rpm and
torque values. Then the files were then sterilized for the
second time.

Group 3 (n=10): For the resin canal preparation, the
MIS Glider (15.04) and Finisher (25.04) files were used
for the first time at 300 rpm and 2.5 N/cm torque. Then
the files were then sterilized for the first time.

Group 4 (n=10): For the resin canal preparation, the
MIS Glider (15.04) and Finisher (25.04) files were
employed for the second time at the same rpm and
torque values. Then the files were then sterilized for the
second time.

Since both file systems underwent sterilization during
packaging, no additional sterilization was performed
before their use. Following the first and second use,
all files were cleaned using a sponge and immersed
in an ultrasonic bath (Ege Eagle Ultrasonic, Bornova,
[zmir, Tiirkiye) for 15 minutes. After drying, each file
was individually sealed in a sterilization package and
autoclaved (Getinge Quadro Avanti, Getinge, Sweden)
at 134°C under 30 psi for 20 minutes.

Following preparation, the black tape on the blocks
were removed. Images of the prepared acrylic block
were taken and recorded after the first and second
usage of the file.
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Scanning Electron Microscopy (SEM) Analysis and
Assessment of Deformation

All deformation evaluations were performed on the main
shaping files. The first SEM examination was conducted
before using the files, right after they were removed from
their packaging. After the first and second usage, once
sterilized, the files were placed into the SEM apparatus
without any contact with the surfaces to be examined.
Examination of file deformation was carried out using
SEM (FEI, Quanta 250 FEG, Eindhoven, Netherlands)
before use, after the first and second use, and after the
sterilization process. To ensure consistent examination of
the file surfaces, a holder was used to position the files
in a standardized manner for each examination. High-
resolution SEM microphotographs were captured for
each instrument and its 5 mm tip, magnified at 1500x
and 5000x. In this study, the physical and visual changes
in MIS and TRN files caused by mechanical stress and
sterilization processes during canal preparation were
evaluated according to the following parameters (Figure
1)

Tip deformation: Flattening and distortion at the tip of
the files,

Cutting edge deformation: Notching, waviness, and/
or deterioration of the original helical structure on the
cutting edges of the files,

Surface deformation: Micro-level surface separations.

The images were then evaluated based on criteria, by two
endodontists who were not involved in the preparation
process. Deformation parameters were scored as either
present or absent.

Image Analysis and Assessment of Transportation

The Adobe Photoshop CS6 Extended program (Adobe
Systems Inc., San Jose, CA, USA) was utilized to overlay
the pre- and post-preparation images of the blocks
(Figure 2). Three measurement zones were identified
at the apical foramen levels of 3, 5, and 7 mm, and the
images were analyzed using AutoCAD 2021 (Autodesk

Inc., San Jose, CA, USA). After the superposition, the
amount of resin removed from each canal’s inner and
outer walls at the 3, 5, and 7 mm levels was measured
(Figure 3). Positive values indicate that transportation
occurs at the inner surface of the canal curvature, and
negative values indicate that transportation occurs
mainly at the outer surface of the canal curvature.18 A
difference of 0 indicated no transportation on the inner
and outer wall.

Figure 2. Superimposition of pre- and post-preparation block images
a, MIS - first usage; b, MIS - second usage; ¢, TRN - first usage; d,
TRN - second usage.

Figure 1. Tip, cutting edge, and surface deformation in file systems
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Figure 3. Identifying measurement points in the superimposed
image

Statistical Analysis of Deformation

The relationship between categorical variables according
to groups was examined using Fisher’s exact test.
Cochran’s Q test was used to compare the deformation
states within each file. Kappa tests were used to
investigate the agreement between observers. Analysis
results were presented as frequencies (Tables 1, 2, and 3).
The significance level was taken as p<0.05.

Statistical Analysis of Transportation

The mean, standard deviation (SD), median, minimum
(min), and maximum (max) values were calculated for
the two file systems (Table 4). Conformity to normal
distribution was evaluated using the Shapiro-Wilk test.
Data were analyzed by one-way ANOVA, independent
samples T, Kruskal-Wallis H, and Mann-Whitney U
tests using SPSS 21.0 Software (IBM Corp, Armonk, NY,
USA). The alpha-type error was set at 0.05.

Table 1. Comparison of tip deformation as a result of use within

and between files

Before usage First usage Second usage

TRN 0°/10 0°/10 5%/10
MIS 0/10 0/10 2/10

Cohran’s Q, Fisher’s Exact test, a, b: The same letter indicates no difference between

uses for each file.

Table 2. Comparison of cutting edge deformation as a result of use

within and between files

Before usage First usage Second usage

1/10
3/10

TRN 0/10
MIS 0/10

0/10
1/10

Cohran’s Q, Fisher’s Exact test

Table 3. Comparison of surface deformation as a result of use

within and between files

Before usage First usage Second usage
TRN 0/10 0/10 1/10
MIS 0%/10 1°*/10 5/10

Cohran’s Q, Fisher’s Exact test, a, b: The same letter indicates no difference between
uses for each file.

RESULTS
Deformation

An excellent level of agreement between observers was
obtained in all deformation assessments (p<0.05).

Tip deformation

In the TRN file, tip deformation increased significantly
after the second use (p<0.05), and no difference was
observed for the MIS file between the first and second
uses (p>0.05) (Table 1).

Cutting-edge deformation
The file systems did not show a significant difference

in cutting-edge deformation relative to each other and
according to the number of uses (p>0.05) (Table 2).

Surface deformation

While the surface deformation of the MIS file increased
significantly compared to before use (p<0.05), there
was no significant difference in the TRN file (p>0.05)
(Table 3).

Table 4. Evaluation of the transportation created by the files according to the number of uses and the level

Transportation (mm)
Level (mm) Usage 1 Usage 2
Mean+SD Median (Min-Max) Mean+SD Median (Min-Max)
MIS
3 0.049+0.036 0.042 (0.014-0.139 0.160+0.284 0.029 (0.017-0.703)
5 0.024£0.015 0.025 (0.006-0.055 0.111+0.251 0.031 (0.011-0.823)
7 0.101+0.053 0.121 (0.010-0.171 0.102+0.053 0.105 (0.018-0.201)
TRN
3 0.027+0.012* 0.028 (0.002-0.049) 0.027£0.02* 0.021 (0.001-0.066)
5 0.013+0.010° 0.010 (0.001-0.032) 0.026+0.02* 0.020 (0.003-0.069)
7 0.101+0.048¢ 0.109 (0.033-0.162) 0.096+0.036° 0.105 (0.044-0.154)
One way ANOVA, Independent Samples T, Kruskal Wallis H and Mann Whitney U test, a,b; x,y: Expresses differences within the same column.
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Transportation

There was no difference in transportation values between
the MIS and TRN file systems at any level (p>0.05). The
tile systems did not show a significant difference in the
amount of transportation between the first and second
use (p>0.05). For the MIS file, there was significantly
more transportation at 7 mm than at the 5 mm level
(p<0.05). For the TRN file, there was more transportation
at 7 mm than at 3 and 5 mm levels (p<0.05).

DISCUSSION

Thanks to NiTi file technology, which continues to improve
and progress from past to present, manufacturers aim to
increase the fracture resistance and clinical performance
of root canal instruments. Current NiTi files with
increased flexibility and cyclic fatigue resistance compared
to traditional ones make root canal preparation even
easier.'”” With this technology (i.e., m-wire, blue-wire,
gold-wire, t-wire, cm-wire, r-phase), clinicians use the
files more than once because they find them more reliable
against fracture and also to reduce the cost of treatment.
However, it has been shown that cutting efficiency and
flexibility decrease due to repeated use and sterilization
cycles.”” All these changes may cause an increase in the
amount of transportation in the root canals.”

The fact that the TRN file system creates less
transportation in the canal compared to many other files
shows that this file system is suitable for use within the
framework of MIE principles.”*** There is no study in the
literature that measures the amount of transportation
caused by this file when used multiple times. In addition,
very few studies compare the TRN file with other files
with similar tip diameters and tapers.”

In this study, the transportation that occurs at three levels
in acrylic simulated canals as a result of the repeated
usage and sterilization of two different minimally
invasive file systems (TRN and MIS) was investigated in
two dimensions. In addition, the deformation of the files
as a result of use was evaluated by using SEM. According
to the results of this study, the files did not show a
significant difference in transportation between first and
second use, within themselves and relative to each other.
Therefore, the first HO hypothesis was accepted.

In a study comparing the shaping ability of TRN (26.04),
OneCurve (25.06), and Jizai (25.04) file systems, the Jizai
file, which has the same tip diameter and taper with the
MIS file we used in our study was not different from
TRN in terms of transportation.” Kumar et al.” showed
that TRN (26.04), Protaper Gold (25.08), and HyFlex
EDM (25.08) files cause similar apical transportation
in extracted teeth. In other words, although the apical
diameter of the TRN file is larger than that of these

830

files, there was no significant difference between them.
The MIS Finisher (25.04) file we used in our study
showed similar results to those for TRN regarding apical
transportation, although it has a smaller apical diameter.
The manufacturer states that TRN files' design and heat
treatment give them more flexibility when shaping of
root canal walls, resulting in efficient shaping.”* Our
result supports the manufacturer’s claim.

It has been shown that multiple use of conventional
NiTi files increases transportation in the apical region of
resin canals.” On the other hand, increasing the use of
another conventional NiTi file did not make a significant
difference in transportation in resin blocks."® According
to the results of our study, the first and second uses
do not create a significant difference in the amount of
transportation at the three levels in either file system.
However, when both previous literature and our study
are included, the microhardness and degree of curvature
of the resin blocks, the number of uses, and the variety of
tiles used may have affected all these results.

Transportation greater than 0.30 mm can have an adverse
effect on apical sealing after obturations.”” In our study,
no transportation exceeding 0.16 mm was observed in
either group at any level. This may be due to the flexibility
of the TRN and MIS files and their smaller taper than
most root canal files.

When the files were compared after the first and second
use, there was no significant difference in deformation.
In contrast, files from both systems showed increased
deformation according to the number of uses. While tip
deformation in the TRN file increased after the second
use compared to the first, damage to the MIS file after
the second use was insignificant compared to the first
use. Therefore, the second HO hypothesis was partially
rejected. According to the manufacturers’ information,
MIS and TRN have a non-cutting tip design.'”'* The
apical 3 mm part of the MIS file is square, and the
coronal part has a rectangular cross-section design."’ The
difference in cross-sectional design between the two file
systems may have affected the rate of tip deformation.

When examined in terms of the cutting edge, there is
no significant difference between the two file systems in
terms of either the number of uses or the level of cross-
section. The fact that there is no difference between the
systems in terms of transportation confirms that the
cutting efficiency of these files does not change with
increasing use. In terms of surface deformation, while
the MIS file was significantly deformed, the amount of
deformation was insignificant in the TRN file. This may
be due to TRN’s NiTi alloy and off-centered parallelogram
cross-section design. Clinically, the larger taper of a file
causes more contact with the dentin surface and this
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might increase the risk of the deformation and fracture of
the file.”**” The TRN file has a variable regressive taper,
while the MIS file has a constant taper. In this case, the
surface deformation of the MIS file may have increased
since it has more contact with the resin block.

Studies have been conducted examining the shaping
ability, cutting efficacy, or deformation of files from
1 use to 10 uses.**"***" In this study, we used the files
twice and included them in the sterilization cycle twice.
In addition to studies showing that sterilization causes
tile deformation and fatigue,”” some studies claim the
opposite.” In our study, we evaluated the deformation
of the files after the shaping and sterilization process.
Therefore, the effect of sterilization alone on surface
deformation could not be tested. We repeated the
same sterilization procedure after two uses to provide
standardization. Uslu et al.** showed that exposure to
5.25% sodium hypochlorite (NaOCl) solution for 5
minutes and 17% EDTA for 10 minutes affects the surface
roughness of the file. In our study, distilled water was
used to irrigate acrylic blocks. Thus, NaOCl and EDTA's
effect on the files' possible deformation was eliminated.

While human teeth with various anatomical variations
can be used to examine the shaping ability of files, it is
possible to perform this examination in standardized
resin blocks. Although 3D evaluation cannot be done
using this method, examining shaping ability in resin
blocks has been widely accepted in the endodontic
literature.”'*'*** Although we preferred resin blocks to
provide standardization and strengthen the methodology
in our study, the fact that the hardness of these blocks is
different to that of human teeth” is one of the limitations
of our study. Another limitation of this methodology is
that the deformation of the files was evaluated for two
cycles of use and sterilization. Increasing the number
of uses may affect the amount of transportation and
deformation.

CONCLUSION

Within the limits of our study, when TRN (26.04)
and MIS (25.04) NiTi rotary files were used twice on
J-shaped resin blocks, the deformation they showed
against physical stress and sterilization processes was
not different from each other. In addition, neither has
an advantage regarding transportation. Both file systems
can be alternatives for minimally invasive shaping.
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